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Abs t rac t  

The e f f e c t s  o f  p y r o l y s i s  condi t ions arid coal type on the nature o f  water-soluble 
organic e f f l u e n t s  have been inves t i ga ted  using a small p y r o l y s i s  reac to r  w i t h  a helium 
atmosphere a t  ambient pressure and a sample s i ze  o f  f i v e  grams. The reac to r  i s  capable 
o f  a maximun heat ing r a t e  o f  45'C/min and a maximun furnace temperature o f  l l O O ° C .  
Var iab les examined inc lude:  1) p a r t i c l e  size, 2) maximum temperature, 3)  t ime  a t  
temperature, and 4) hea t ing  rate. Six coals  of various rank were invest igated.  I n  
add i t i on ,  t h r e e  l i t h o t y p e s  o f  t h e  same coal  were examined. 

I n t r o d u c t i o n  

The treatment and removal of water-so lub le organic e f f l u e n t s  from wastewater i s  an 
important issue fac ing  coal g a s i f i c a t i o n  technology. The extent  o f  treatment i s  
governed by t h e  reuse o r  environmental ly acceptable d isposal  o f  t h e  wastewater. 
Downstream e f f l uen t  treatment i s  a lso dependent on the nature and q u a n t i t y  o f  t a r s  and 
water-soluble organics which are produced by p y r o l y s i s  and d e v o l a t i l i z a t i o n  reactions 
i n  the upper p o r t i o n  o f  t h e  g a s i f i e r .  It i s  des i rab le  t o  develop a l abo ra to ry  t e s t  t o  
s imulate t h e  product ion o f  water-soluble organic e f f l u e n t s  from a g a s i f i e r ,  thereby 
e l i m i n a t i n g  expensive p i l o t  p lan t  tests .  Such a t e s t  would a l l ow  f o r  t he  p r e d i c t i o n  o f  
waste composit ion fran s p e c i f i c  coals  a t  a v a r i e t y  o f  operat ing condit ions. 

Experimental 

A l abo ra to ry  sca le  t u b u l a r  reac to r  was const ructed which a l lows f o r  t he  py ro l ys i s  
of up t o  f i v e  grams o f  coal i n  an i n e r t  atmosphere. A Lindbergh s p l i t - t y p e  furnace 
w i t h  a maximum temperature o f  1100°C and programmable heat ing r a t e  o f  5OC/min. t o  
45"C/min. has been used for  heating. A l i q u i d  n i t rogen  cooled t r a p  i s  used f o r  the 
c o l l e c t i o n  of water-so lub le organic  e f f l uen ts .  A f t e r  completion o f  the experiment the 
t r a p  i s  allowed t o  warm t o  above 0°C and t h e  water-soluble organics analyzed by gas 
chranatography (1). The s i x  coa ls  used i n  t h i s  study w i t h  t h e i r  proximate and u l t ima te  
analyses are l i s t e d  i n  Table I. 
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i Table I. Coal Sample Bank Analysis f o r  S i x  Coals. 

I nd ian  Head 
/ 

Proximate Analysis, 
I- as rec'd; % by wt. 

Gascoyne 
81 ue Rosebud 

I1  1 i n o i s  
Center Sufco Sean No.6 -- 

Moisture 
Vol a t  i 1 e matfer 
Fixed carbon 
Ash 

U1 t imate Analys is  
maf; Z by wt. 

Hydrogen 
Carbon 
Ni t rogen 
Sul f up* 
Oxygen 

Rank 

34.0 
27.4 
33.8 
4.8 

4.18 
72.03 

1.05 
0.62 

22.13 

Lig. 

32.2 25.0 
34.2 28.6 
17.6 39.2 
6.0 7.1 

5.69 5.11 
59.77 76-27 .. . -  

0.92 1.28 
1.49 0.93 

32.12 16.37 

34.7 9.6 2.9 
28.1 33.9 37.3 
31.7 48.0 48.6 
5.5 8.5 11.2 

4.51 5.25 5.54 
69.97 79.20 77.19 

1.24 1.43 1.61 
1.27 0.51 4.59 

23.01 13.61 11.08 

L ig .  Subbit. Lig. B i t .  B i t .  

*By di f ference.  

Results and Discussion 

Effect of  Coal Type on the Nature of  Water-Soluble Organic Effluents 

To develop a c o r r e l a t i o n  between water-soluble organic e f f l u e n t  y i e l d s  and coal 
type, s i x  d i f f e r e n t  coa ls  were pyrolyzed i n  t h e  m a l l  p y r o l y s i s  reac to r  (SPR) under 
i d e n t i c a l  condi t ions.  The p y r o l y s i s  cond i t i ons  used were a heat ing r a t e  o f  45"C/min., 
a maximum temperature o f  850°C, h e l i u n  atmosphere, -60 mesh p a r t i c l e  size, and a sample 
s i z e  o f  approximately 5 grams. The data (Table 11) i n d i c a t e  water-soluble organic 
e f f l u e n t  y i e l d s  t o  be dependent on coal type, w i t h  a l l  products showing s i g n i f i c a n t  
va r ia t i on .  
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Table 11. Y ie lds o f  Water-Soluble Organic E f f l uen ts  f o r  a Var ie ty  o f  Coal Types.* 

Gascoyne 
Compound I n d i a n  Head B1 ue Rosebud 

Methanol 1490 730 40 
Acetone 1420 1600 930 
A c e t o n i t r i l e  230 220 180 
2-Butanone 400 510 320 

Phenol 2300 2900 3000 
o-Cresol 5 10 590 850 
p-Cresol 760 1080 1290 
m- Cre sol 710 910 1290 

P r o p i o n i t r i  l e  130 230 90 

Center 

1700 
1480 
280 
440 
370 

3440 
780 

1360 
1400 

I1  1 i n o i s  
Sufco Seam No. 6 - 

10 40 
750 500 
100 140 
250 120 
50 40 

920 1720 
390 740 
400 950 
510 1190 

*Yie lds are repor ted i n  micrograms/g maf coal. 

E f f e c t  o f  L i t h o t y p e  Composition on the  Y ie lds  o f  Uater-Soluble Organic E f f l u e n t s  

Several small p y r o l y s i s  r e a c t o r  runs were performed using durain, fusa in,  and 
v i t r a i n  l i t h o t y p e s  from Beulah high-sodium (ND) l i g n i t e .  The p y r o l y s i s  condi t ions used 
were: a heat ing r a t e  o f  45"C/min., f i n a l  temperature o f  85OoC, h e l i u n  atmosphere and a 
sample s ize o f  approximately f i v e  grams. The data (Table 111) reveal  l i t h o t y p e -  
s p e c i f i c  v a r i a t i o n  f o r  most compounds, w i t h  the  greatest  va r ia t i ons  i n  y i e l d s  being f o r  
methanol, acetone, phenol, c reso ls ,  and catechol. The v i t r a i n  l i t h o t y p e  produced 
near l y  th ree  t imes the  amount o f  t o t a l  p y r o l y s i s  products as t h e  du ra in  l i t h o t y p e ,  
suggesting t h a t  p e t r o l o g i c  ana lys i s  o f  coal samples might be usefu l  i n  p r e d i c t i n g  
wastewater composition. These r e s u l t s  a l so  suggest t h a t  pe t ro log i c  va r ia t i ons  w i th in  a 
seam might produce s i g n i f i c a n t  v a r i a t i o n s  i n  wastewater composit ion as coal mined frm 
d i f f e r e n t  pa r t s  o f  t h e  same seam i s  gas i f i ed .  

Table 111. Yields o f  Water-Soluble Organic E f f l uen ts  f o r  Three Lithotypes.* 

Compound V i t r a i n  Durain Fusai n 

Methanol 
Acetone 
A c e t o n i t r i l e  
2-Butanone 
Propion i  t r i l e  
Phenol 
o-Cresol 
p-Cresol 
m-Cresol 
Catechol 

2680 
1910 
280 
480 
110 

2680 
590 
720 
680 

6940 

580 
1340 

3 10 
380 
160 

1690 
340 
460 
4 20 
990 

7 30 
1390 

27 0 
38 0 
370 

3040 
780 
850 
880 

1010 

*Yie lds are repor ted i n  micrograms/g maf coal. 
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Cor re la t i on  o f  Y ie lds  o f  Water-Soluble Organic E f f l u e n t s  t o  Coal ParaneterZ 

I t  i s  the  u l t ima te  goal o f  t h i s  p r o j e c t  t o  develop a ser ies o f  equations which w i l l  
p r e d i c t  wastewater composit ion fran a g a s i f i e r  based, i n  pa r t ,  on c e r t a i n  coal 
parameters e a s i l y  determined i n  the  laboratory .  Relat ionships have been found which 
c o r r e l a t e  the  y i e l d s  o f  t h ree  p y r o l y s i s  products, methanol, 2-butanone and acetone, t o  
coa l - spec i f i c  data which i s  r e a d i l y  avai lab le.  

Methoxy content determinations (2) have been made f o r  eleven d i f f e r e n t  samples 
t e s t e d  i n  the  small p y r o l y s i s  reactor. These samples i nc lude  whole coa ls  as wel l  as 
i n d i v i d u a l  1 i thotypes. The methoxy contents  o f  t he  1 i thotypes were p l o t t e d  versus the 
y i e l d  o f  methanol generated dur ing p y r o l y s i s  t o  850OC. A l i n e a r  l e a s t  squares f i t  of 
t h e  data resu l ted  i n  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.95. 

The y i e l d s  o f  2-butanone and acetone were p l o t t e d  versus carbonloxygen r a t i o s  f o r  
s i x  coals  pyrolyzed i n  t h e  m a l 1  p y r o l y s i s  reactor .  A l i n e a r  l e a s t  squares f i t  o f  t he  
data gave a very good f i t  f o r  both compounds (F igu re  1 and F igure 2). 2-Butanone and 
acetone both had c o r r e l a t i o n  c o e f f i c i e n t s  o f  0.99. 

Future work w i l l  focus on t h e  i d e n t i f i c a t i o n  o f  f u r t h e r  r e l a t i o n s h i p s  which w i l l  
attempt t o  c o r r e l a t e  p y r o l y s i s  y i e l d s  o f  t he  remaining s i x  compounds wi th o the r  coal 
parameters. 

E f f e c t  o f  Py ro l ys i s  Condi t ions on t h e  Nature o f  Water-Soluble Organic E f f l u e n t s  

E f f e c t  o f  P a r t i c l e  Size. I n  order t o  determine t h e  e f f e c t  o f  p a r t i c l e  s i z e  on t h e  
y i e l d  o f  water-soluble organic e f f l uen ts ,  t h e  p y r o l y s i s  products f r a n  -60 mesh coal 
were compared t o  the  products from 1/2 i nch  p a r t i c l e s  f o r  Rosebud (MT) coal. The 
p y r o l y s i s  condi t ions were a heat ing r a t e  o f  45'C/min., f i n a l  temperature 850'C. and a 
he l ium atmosphere. The e f f e c t  o f  p a r t i c l e  s i z e  was neg l i g ib le ;  t h e  y i e l d  o f  water- 
so lub le  organic e f f l u e n t s  was independent o f  the s i z e  o f  t he  coal p a r t i c l e  which 
generated those e f f l u e n t s  (Table I V ) .  However, it i s  advantageous t o  use r i f f l e d  -60 
mesh coal p a r t i c l e s  i n  most experiments i n  order  t o  avoid inhomogeneity i n  the  coal 
sample, which would r e s u l t  i n  anomalous e f f l u e n t  y ie lds .  

Table I V .  E f fec t  o f  Coal P a r t i c l e  Size on t h e  Nature o f  Water-Soluble Organic 
Ef f luent . *  

Rosebud 
Compound -60 mesh 1/2 i n c h  
Met ha no1 40 30 
Acetone 930 890 
A c e t o n i t r i l e  180 160 
2-Butanone 320 320 
Propion i  t r i l  e 90 30 
Phenol 3000 2810 
o-Cresol 850 850 
o-Cresol 1290 1220 
m-Cresol 1290 1230 

*Reported as micrograms/g maf coal. 
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E f f e c t  o f  Maximum Temperature. To determine t h e  e f f e c t  o f  maximum temperature on 
the  y i e l d  of water s o l u b l e  organic  e f f l uen ts ,  I nd ian  Head (ND) l i g n i t e  was pyrolyzed a t  
two f i n a l  tenperatures: The p y r o l y s i s  cond i t i ons  used were a heating 
r a t e  o f  45"C/min., -60 mesh p a r t i c l e  size, and a sample s i z e  o f  approximately 5 
grams. A canparison o f  t he  y i e l d  data (Table V )  f o r  these two runs revealed the  y i e l d s  
of methanol, acetone, a c e t o n i t r i l e ,  2-butanone and p r o p i o n i t r i l e  t o  be s im i la r .  
However, t h e  increased y i e l d s  o f  phenol and c reso ls  a t  l l O O ° C  suggest t h a t  t h e  
e v o l u t i o n  o f  water-so lub le organics i s  not  complete a t  850°C. Model s tud ies i n d i c a t e  
t h a t  phenol and c reso ls  generated a t  t h e  lower  temperatures evolve from a l k y l - a r y l  
e ther  precursors (2). The increase i n  phenol and cresol  y i e l d s  a t  1100°C may r e s u l t ,  
i n  par t ,  f r a n  t h e  cleavage o f  d iary1 ethers w i t h  t h e i r  r e l a t i v e l y  h ighe r  carbon-oxygen 
bond energies. 

850" and 1100°C. 

Table V. E f f e c t  o f  Maximum Temperature on t h e  Nature o f  Water-Soluble Organic 
E f f l uen ts .  

Micrograms/g maf coal 
Compound 850°C l l00"C 

Met h a no 1 
Acetone 
A c e t o n i t r i l e  
2-Butanone 
Propion i  t r i l  e 
Phenol 
o-Cresol 
p-Cresol 
m-Cresol 

1490 
1420 
230 
400 
130 

2300 
510 
760 
710 

1460 
1490 

240 
400 

90 
3220 

740 
1120 
1270 

Ef fect  o f  Time a t  Temperature. I nd ian  Head (ND) and Rosebud (MT) coals  were 
subjected t o  zero and 30 minute isothermal per iods a t  maximun temperatures o f  380°C and 
85OOC t o  determine t h e  e f f e c t  o f  t ime a t  temperature ( " res idence t ime")  on py ro l ys i s  
y i e l d s  for water-so lub le organics. The p y r o l y s i s  cond i t i ons  were a heat ing r a t e  o f  
45'C/min., a hel ium atmosphere, and a sample s i ze  o f  approximately 5 grams. The e f f e c t  
of residence t ime  on t h e  y i e l d s  o f  water-soluble organics (Table V I )  was substant ia l  a t  
380°C. With no isothermal period, t h e  y i e l d  o f  products was below t h e  gas 
chromatograph's th resho ld  f o r  accurate q u a n t i f i c a t i o n .  A t  t h e  h ighe r  temperature t h e  
ef fect  of residence t ime  was q u i t e  small and i n  t h e  case o f  t he  I n d i a n  Head l i g n i t e  
nonexistent. 

i 
I 
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Table V I .  Effect o f  Time a t  Temperature on t h e  Nature o f  Water-Soluble Organic 
Eff luents.* 

Compound 

Methanol 
Acetone 
A c e t o n i t r i l e  
2-Butanone 
P r o p i o n i t r i l  e 
Phenol 
o-Cresol 
p-Cresol 
in-Cresol 
Catechol 

Compound 

Methanol 
Acetone 
A c e t o n i t r i l e  
2-Butanone 
Propion i  tril e 
Phenol 
o-Cresol 
p-Cresol 
m-Cresol 
Catechol 

Maximum Temperature 380Y 
Ind ian  Head Rosebud 

0 min. 30 min. 0 min. 30 min. 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

900 
480 

30 
140 

1370 
350 
550 
4 50 

1480 

** 

** 
** 
** 
** 
** 
** 
** 
** 
** 

--- 

20 
300 

10 
130 

10 
540 
120 
230 
170 -_-  

Maximum Temperature 85OOC 
I n d i a n  Head Rosebud 

0 min. 30 min. 0 min. 3 0  min. 

1490 
1420 

230 
400 
130 

2300 
510 
760 
710 

2210 

1740 
1460 

240 
370 
270 

2360 
530 
820 
820 

2120 

40 
930 
180 
320 

90 
3000 

850 
1290 
1290 __- 

30 
840 
170 
28 0 

20 
2690 
800 

1080 
1140 --- 

*Reported i n  micrograms/g maf coal. 
**Bel ow instrument threshold f o r  accurate quan t i f i ca t i on .  

---Not determined. 

E f f e c t  o f  Heating Rate. To determine t h e  e f f e c t  o f  heat ing r a t e  on the  y i e l d  o f  
water-soluble organic  e f f l u e n t s ,  p y r o l y s i s  o f  Center Mine (ND) l i g n i t e  was c a r r i e d  out  
a t  38OOC and 850°C using heat ra tes  of 5'C/min. and 45OC/min. Both the 38OOC data and 
t h e  85OoC data (Table V I I )  reveal  a h igher  y i e l d  f o r  phenol and cresols  a t  t h e  slower 
heat ing ra te .  This  cou ld  be due t o  the r e l a t i v e  l e n g t h  of t h e  experiments; t h e  f a s t  
heat ing r a t e  experiment takes approximately 20 minutes, whereas the  slow heat ing r a t e  
experiment takes 170 minutes. It i s  poss ib le  t h a t  t h e  e f f e c t  t h a t  i s  being observed i s  
n o t  so much heating r a t e  as i t  i s  t ime a t  temperature ("residence time"). 

c 
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Table V I I .  E f f e c t  o f  Heating Rate on t h e  Nature o f  Water-Soluble Organic Ef f luents .*  

Compound 

Methanol 
Acetone 
A c e t o n i t r i l e  
2-Butanone 
P r o p i o n i t r i  1 e 
Phenol 
o-Cresol 
p-Cresol 
m-Cresol 

380 Maximum Temp. 
5=C/mi n. 45"C/min. 

570 
110 

20 

460 
50 

180 
80 

** 
** 

270 
40 

10 

100 
10 
40 
10 

** 
** 

850 Maximum Temp. 
5"C/mi n. 45"C/min. 

1590 
1190 

300 
310 

30 
4380 
1300 
1740 
1920 

*Results are repo r ted  i n  micrograms/g maf coal. 
**Below instrument th resho ld  f o r  accurate q u a n t i f i c a t i o n .  

1700 
1490 

280 
440 
380 

3460 
7 80 

1360 
1400 

Conclusion 

A l abo ra to ry  sca le  t u b u l a r  r e a c t o r  t e s t  i s  ab le t o  d i f f e r e n t i a t e  between t h e  
r e l a t i v e  y i e l d s  o f  several water-soluble organic  e f f l u e n t s  produced dur ing p y r o l y s i s  
f o r  a v a r i e t y  o f  coals  under d i f f e r i n g  p y r o l y s i s  condit ions. Corre la t ions between 
p y r o l y s i s  y i e l d s  and c e r t a i n  coal parameters f o r  t h r e e  o f  t he  compounds examined have 
been developed which a l l ow  f o r  t h e  p r e d i c t i o n  o f  py ro l ys i s  y i e l d s  f o r  these canpounds 
f o r  as yet  untested coals. 
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Figure 1. 
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Correlation of 2-butanone yields t o  carbon/oxygen ratio for the s ix  
coals l i s ted  i n  Table I. 
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Figure 2. Correlation of acetone yields t o  carbon/oxygen ratio for the s ix  
coals l i s ted  in  Table I. 
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